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a  b  s  t  r  a  c  t
C-Glycosyl  ﬂavones  are  present  in  different  plant  tissues  and  they exhibit  health  beneﬁts.  In the  present
study,  it  was  found  that  C-glycosyl  ﬂavones  are  distributed  in  different  milled  fractions  of black  gram  and
among  these  fractions,  husk  had the  highest  content  of  C-glycosyl  ﬂavones.  Two  C-glycosyl  ﬂavones  from
black  gram  husk  were  extracted  and  puriﬁed  by preparative  high-performance  liquid chromatography
(HPLC)  column.  The  purity  of each  compound  was  assessed  by analytical  C18  column.  The  structure  of  each
compound  was  conﬁrmed  by LC–MS/MS,  NMR.  The  molecular  mass  of these  compounds  were  found  to  be
[M−H]−, m/z  431.36  and  [M−H]−, m/z  431.35  and  were  identiﬁed  as  vitexin  and  isovitexin,  respectively.
Content  of vitexin  and  isovitexin  in  aqueous  ethanol  extract  was found  to be  76 and  65  mg/g  of extract,rythrocyte damage protection
catchard plot
elting temperature of DNA
canning electron microscopy
respectively.  These  C-glycosyl  ﬂavones  protected  DNA  and erythrocytes  from  oxidative  damage.  The  IC50
values  for  vitexin,  isovitexin  and  quercetin  for hemolysis  were  6, 5.7  and  2.37  g,  respectively.  These
compounds  also  triggered  the  process  of  apoptosis  in  HeLa  cells  by downregulating  Bcl-2 level with  the
simultaneous  upregulation  of  Bax and  caspase-3  protein  expression.  Thus,  C-glycosyl  ﬂavones  from  black
 and
d  by  gram husk  protected  DNA
© 2016  Publishe
. Introduction
Excessive formation of reactive oxygen species (ROS) induces
xidative stress leading to cell damage that can culminate in cell
eath. It has been reported that free radicals and radical mediated
xidation play a role in many pathological processes. ROS are capa-
le of oxidizing cellular proteins, nucleic acids and lipids. Lipid
eroxidation is a free-radical mediated propagation of oxidative
nsult to polyunsaturated fatty acids, and its termination occurs
hrough enzymatic means or by free radical scavenging by antiox-
dants [28,29]. Severe oxidative stress is caused due to imbalance
etween the antioxidative defence systems and the formation of
OS that may  alter intracellular signalling processes.
Polyphenols are potent antioxidants found ubiquitously in
lants and consumed in relatively high quantities in the human
iet. Extensive work has been carried out to understand the health
eneﬁts of several classes of polyphenolic compounds, in partic-
lar ﬂavonoids [26]. Epidemiological studies have suggested the
ssociations between the consumption of ﬂavonoids and ﬂavonoid-
∗ Corresponding author.
E-mail address: prasadarao ummiti@yahoo.com (U.J.S. Prasada Rao).
ttp://dx.doi.org/10.1016/j.toxrep.2016.08.006
214-7500/© 2016 Published by Elsevier Ireland Ltd. This is an open access article under  erythrocytes  from  oxidative  damage  and  exhibited  anticancer  activity.
Elsevier  Ireland  Ltd.  This is an  open  access  article  under the CC  BY-NC-ND
license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
rich foods and the incidence of coronary heart disease, various
cancers, stroke and osteoporosis [12]. Rather than exerting direct
antioxidant effects, these polyphenols shows beneﬁcial properties
by various mechanisms and it involves their cellular interaction and
signalling pathways related machinery that mediate cell function
under both normal and pathological conditions [26].
Polyphenols are the class of secondary metabolites which are
apparently absorbed from the upper gastrointestinal tract by a
number of mechanisms [25]. Flavonoid glucosides interact with
the sodium dependent glucose transporters (SGLT1) and trans-
ported across the apical membrane of enterocytes [9,27]. Beneﬁcial
effects of ﬂavonoids have been strongly demonstrated in in vitro as
well as in vivo systems including human studies. Flavonoids are
a broad class of plant secondary metabolites with low molecular
weight, characterized by the ﬂavan nucleus. Naturally occurring
ﬂavonoids usually exist as O- or C-glycosides of ﬂavonoid moiety.
The O-glycosides possess sugar substituents bound to a hydroxyl of
aglycone, usually at 3 or 7 positions, whereas C-glycosides possess
sugar groups linked to the carbon of aglycone usually at C-6 or C-8
by forming a C C bond, giving them more resistance to acid hydrol-
ysis [4]. On the other hand, ﬂavone C-glycosides such as vitexin
and isovitexin frequently occur in many edible or medicinal plants
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ncluding mung beans, pigeon pea leaves, bamboo leaves and ﬁcus
eltoidea leaves as main constituents [5,8,15,30].
Black gram is widely used pulse crop in India and also in dif-
erent parts of the world. Dehusked black gram (dhal) is used for
arious food preparations. During milling of black gram into dhal,
usk is one of the major fractions in the by-product. Earlier report
rom our laboratory indicated that aqueous extract of black gram
usk exhibited antioxidant properties [11]. In the present study, we
ave extracted the husk bioactive components using 50% aqueous
thanol and fractionated in to two peaks by preparative RP-HPLC.
ompounds present in these peaks were identiﬁed as vitexin and
sovitexin using NMR  and LC–MS/MS, and determined their antiox-
dant activity, protection against oxidative damage of DNA and
rythrocyte and cytotoxic efﬁcacy in cervical cancer cells.
. Materials and methods
.1. Chemicals
-DNA was purchased from Bangalore Genei, India. Agarose,
2O2, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HEPES), dimethyl sulfoxide (DMSO) were purchased from Sisco
esearch Laboratories. FeSO4·7H2O, 2,2-diphenyl-1-picrylhydrazyl
DPPH) radical, ascorbic acid, Tris base, ethidium bromide (EtBr),
thylenediaminetetraacetic acid (EDTA), Enhanced Chemilumi-
escence solution (ECL), vitexin, isovitexin and quercetin were
urchased from Sigma-Aldrich Chemicals Co. (St. Louis, MO,  USA).
olyvinylidene ﬂuoride membrane (PVDF) was purchased from
all corporation, (New York, USA). BCA protein assay kit was
urchased from Thermo Fisher Scientiﬁc (Massachusetts, USA). All
ther chemicals used were of analytical grade.
.2. Milling of black gram and separation of milled products
Black gram (10 kg) was pitted in Versatile Dhal Mill (designed
nd developed by CSIR-CFTRI, Mysore, India) mixed with 30 ml  of
il, kept overnight for tempering and dried at 60 ◦C for 8 h. The black
ram thus obtained after treatment was milled using Versatile Dhal
ill. Black gram was milled into cotyledon, seed coat, and mixture
f germ, aleurone, seed coat powder, and plumule. The husk was
urther fractionated by air classiﬁcation as described earlier [10].
.3. Extraction and isolation of bioactive components from black
ram husk using different solvents
Powdered black gram husk was packed in a glass column,
etained for 2 h in hexane and later gradually eluted with hex-
ne till the eluent became colourless. The material remained after
omplete removal of hexane was further soaked and eluted with
ifferent solvents sequentially with increase in polarity such as
hloroform, acetone, ethyl acetate, ethanol, aqueous ethanol (50%)
nd ﬁnally with water. The each fraction thus obtained was  con-
entrated under reduced pressure.
.4. Detection and quantiﬁcation of c-glycosyl ﬂavones in BGBP
ractions
C-Glycosyl ﬂavones like vitexin and isovitexin in black gram
illed fractions were separated and quantiﬁed by analytical
eversed-phase C18 column (4.6 × 250 mm)  using HPLC system
Agilent- Model 1200 series) according to the method described
y Kim et al. [16] using a diode array detector. A gradient solvent
ystem consisting of solvent A water: acetic acid (99:1) and solvent
 methanol: acetic acid (99:1) was used as mobile phase at a ﬂow
ate of 1 ml/min for a total run time of 50 min. The gradient elu-
ion used was as follows: 90–65% A in 10 min, 65–58% A in 25 min,ports 3 (2016) 652–663 653
58–25% A in 35 min, 25% A in 40 min, 25–90% A in 45 min and 90%
A in 50 min. Quantitative determination of the eluted ﬂavones was
detected at 337 nm and known quantities of vitexin and isovitexin
standards were used for identiﬁcation and quantiﬁcation.
2.5. Puriﬁcation of vitexin and isovitexin of aqueous ethanol
fraction by preparative HPLC
The chromatographic separation was  performed according to
the method described in Section 2.4, on a Shimadzu Prep LC8A
Preparative Chromatography system equipped with SCL-10AVP
system controller (Shimadzu). The preparative HPLC was  per-
formed on a Varian, Pursuit XRs 10 C18 preparative column
(250 mm × 21.2 mm).  The ﬂow rate was  8 ml/min and the wave-
length used for detection was 337 nm.  The sample volume injected
was 2 ml.  Two  ﬂavone C-glycoside peaks were collected manually,
concentrated and evaporated to dryness by rotary evaporator.
2.6. Identiﬁcation of vitexin and isovitexin of aqueous ethanol
fraction
2.6.1. Evaluation of purity of puriﬁed ﬂavone C-glycosides by
HPLC and their identiﬁcation by LC–MS/MS
Manually collected C-glycosyl ﬂavones in aqueous ethanol frac-
tion were tested for their purity according to the method described
in Section 2.4. HPLC–ESI–MS analysis was  done on a Waters
platform ZMD  4000 system composed of a micro ZMD  mass spec-
trophotometer, a Waters 2690 HPLC and a Waters 996 photo diode
array detector (Waters corporation, MA,  USA). Data were collected
and processed via a personal computer running Mass Lynx soft-
ware version 3.1 (Micromass, a diversion of Waters corporation,
MA,  USA). The samples in 10 l diluted aliquot were separated on
a reversed phase C18 column (4.6 × 250 mm), using a diode array
detector (operating at 337 nm). Solvent A water: formic acid (99:1)
and solvent B methanol: formic acid (99:1) was  used as mobile
phase at a ﬂow rate of 1 ml/min for a total run time of 40 min. UV–vis
absorption spectra were recorded on-line during HPLC analysis. The
following ion optics was used- capillary voltage 3.5 kV, cone voltage
100 V and collision voltage 10 V. The source block temperature was
120 ◦C and the desolvation temperature was  350 ◦C. ESI–MS was
performed using argon as cone gas (50 l/h) and nitrogen as desol-
vation gas (500 l/h). The electron spray probe ﬂow was  adjusted to
70 ml/min. Continuous mass spectra were recorded over the range
of m/z 100–1000 with scan time 1 s and inter scan delay 0.1 s.
2.6.2. NMR analysis of ﬂavone C-glycosides
1H &13C NMR  spectra for the compounds were recorded on a
Bruker Avance 500 MHz  spectrometer (Bruker biospin, Reinstetten,
Germany) using CD3OD solvent.
2.7. Determination of free radical-scavenging activity
The effect of two isolated C-glycosyl ﬂavones on DPPH radical
scavenging activity was  determined using earlier described method
[1]. A 100 M solution of DPPH in methanol was prepared and
vitexin and isovitexin (200 l) containing 5–30 g were mixed with
1 ml  of DPPH solution. The mixture was shaken vigorously and left
in the dark at room temperature for 20 min. The absorbance of the
resulting solution was measured at 517 nm.  The control contained
all the reagents except compounds/ascorbic acid. The capacity to
scavenge DPPH radical was  calculated by following equation:Scavengingactivity(%) = 1 − (As/A0) × 100
where A0 is the absorbance at 517 nm of the control and As is the
absorbance in the presence of compounds/ascorbic acid. The results
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ere plotted as the% of scavenging activity against concentration
f the sample. The half-inhibition concentration (IC50) was deﬁned
s the amount of compound required for 50% of free radical scav-
nging activity. The IC50 value was calculated from the plots as the
ntioxidant concentration required for providing 50% free radical
cavenging activity.
.8. Prevention of -DNA damage by ﬂavone C-glycosides
.8.1. Agarose gel electrophoresis
Agarose gel electrophoresis was carried out to know the pre-
ention of oxidative -DNA damage by vitexin and isovitexin as
reviously described by Girish et al. [11] with slight modiﬁca-
ions. -DNA (1 g), with and without vitexin and isovitexin (2.5
nd 10 g), was incubated with 2 mM FeSO4, 30 mM H2O2 in Tris
uffer (10 mM,  pH 7.4) in a ﬁnal reaction volume of 20 l for 1 h
t 37 ◦C. Samples were analyzed on 1% agarose gel prepared in
ris–acetate–EDTA buffer (pH 8.5) at 50 V at room temperature.
.8.2. EtBr binding to DNA by ﬂuorescence analysis
Efﬁcacy of vitexin and isovitexin against oxidative -DNA dam-
ge was analyzed by measuring the changes in ﬂuorescence of EtBr
inding to DNA. -DNA (2 g) was incubated with 2 mM FeSO4,
0 mM H2O2 in 10 mM Tris-HCl (pH 7.4) for 1 h forthe oxidative
-DNA damage and the protection against oxidative damage of -
NA was analyzed in the presence of vitexin and isovitexin (2.5 and
0 g)for 1 h. The samples thus prepared were mixed with 5 g of
tBr and the ﬂuorescence was recorded by exciting at 535 nm and
mission at 600 nm.
.8.3. Ethidium bromide binding analysis by scatchard plots
-DNA (1 g) was incubated with 2 mM FeSO4, 30 mM H2O2 in
ris buffer (10 mM,  pH 7.4) with and without vitexin and isovitexin
2.5 and 10 g) in a reaction volume of 20 l for 1 h at 37 ◦C. The ﬂu-
rescence was measured by titrating with increasing EtBr against
onstant amount of -DNA. The maximum amount of EtBr bound-
er base pair of-DNA was calculated using Scatchard plots of ‘r’ vs.
r/Cf’ in the DNA–EtBr reaction mixture at various titration intervals
3,24]. The concentration of bound EtBr in 1 ml  dye-DNA mixture
Cb′) was calculated using the following formula.
b′ = [Co′(F-FO)/(V × Fo)]
here,
Co′ = Concentration of EtBr (pmoles) in the dye complex mixture
F = Observed ﬂuorescence of EtBr at any point of dye-DNA mix-
ure
Fo = Observed ﬂuorescence of EtBr with no DNA
V = Experimental value, ratio of bound EtBr to free EtBr at satu-
ation point.
The concentration of free EtBr (Cf′) was then calculated by using
he formula
f ′ = Co′ − Cb′
here, Cf′, Co′ and Cb′ were expressed in pmoles. The amount
f bound EtBr bound per base pair was calculated by r = Cb′
pmoles)/DNA concentration (pmoles of base pair). A plot was made
or r vs. r/Cf and the point where the straight line interacts the axis
 was deﬁned as the maximum amount of dye bound per base pair
n), where Cf = Cf′ × 10−12 moles.
.8.4. Melting temperature studies
Thermal denaturation studies were performed to know the -NA integrity. -DNA (2 g) was incubated with 2 mM FeSO4,
0 mM H2O2 in 10 mM Tris-HCl (pH 7.4) for 1 h for monitoring
he oxidative -DNA damage, with and without vitexin and iso-
itexin (2.5and 10 g), for 1 h. The melting proﬁles (Tm) of -DNAports 3 (2016) 652–663
were recorded at different temperatures ranging from 25 to 95 ◦C
using a Spectrophotometer (Ultraspec, 4300 probe) equipped with
thermo-programmer and data processor (Amersham Pharmacia
Biotech, Hong Kong). Tm values were determined graphically from
the absorbance vs. temperature plots.
2.9. Prevention of erythrocyte damage by ﬂavone C-glycosides
2.9.1. Preparation of erythrocytes
All the animal experiments were carried out with the approval of
institutional animal ethical committee. Male wistar rats in the body
weight range of 180–220 g were housed in individual polypropy-
lene cages and had free access to food and water. The animals were
fed with standard diet. The animals were sacriﬁced under anesthe-
sia and blood was collected by heart puncture in heparinized tubes.
Erythrocytes were isolated and stored according to the method
described by Girish et al. [11]. Brieﬂy, blood samples collected were
centrifuged (1500 × g, 5 min) at 4 ◦C, erythrocytes were separated
from the plasma and buffy coat, and were washed three times by
using 10 vol of 20 mM  phosphate buffered saline (pH 7.4; PBS).
Each time, the cell suspension centrifuged at 1500 × g for 5 min. The
supernatant and buffy coats of white cells were carefully removed
with each wash. Erythrocytes thus obtained were stored at 4 ◦C and
used within 6 h for further studies.
2.9.2. In vitro assay of inhibition of rat erythrocyte hemolysis
The inhibition of rat erythrocyte hemolysis by the vitexin and
isovitexin was  evaluated according to the procedure described by
Ajila and Prasada Rao [2] with slight modiﬁcations. The rat erythro-
cyte hemolysis was performed with hydrogen peroxide. To 200 l
of 10% (v/v) suspension of erythrocytes in PBS, 50 l of vitexin or
isovitexin with different concentrations (2–10 g) was  added. To
this, 100 l of 200 M H2O2 (in PBS pH7.4) was  added. The reac-
tion mixture was  incubated at 37 ◦C for 30 min  and was centrifuged
at 2000 × g for 10 min. The absorbance of the resulting supernatant
was measured at 410 nm by taking 200 l of reaction mixture with
800 l PBS to determine the hemolysis. Likewise, the erythrocytes
were treated with hydrogen peroxide and without inhibitors to
obtain a complete hemolysis. The absorbance of the supernatant
was measured at the same condition. The inhibitory effect of the
vitexin and isovitexin was  compared with standard quercetin. Per-
centage of hemolysis was calculated by taking hemolysis caused
by 200 M hydrogen peroxide as 100%. The IC50 values were calcu-
lated from the plots as the antioxidant concentration required for
the inhibition of 50% hemolysis.
2.9.3. Protective effect on erythrocytes structural morphology
Erythrocytes (50 l) were incubated with and without vitexin
and isovitexin (2.5and 10 g) and treated with 100 l of 200 M
H2O2 for 30 min  at 37 ◦C. After incubation, the incubate was cen-
trifuged at 1500 × g for 10 min and the cell pellets were processed
and were ﬁxed in 3% glutaraldehyde on a coverslip [11]. After ﬁx-
ing on the coverslip, the cells were dehydrated in an ascending
series of acetone (30–100%). The dried samples were mounted on
an aluminum stubb (100–200 ´˚A)  using double sided tape and coated
with gold ﬁlm with a thickness of 10–20 nm using sputter coater
(Polaron, E 5000, SEM coating system). The cells were examined
under a scanning electron microscope (Model No, LEO 425 VP, Elec-
tron microscopy LTD, Cambridge, UK).
2.10. Cytotoxic effect of ﬂavone C-glycosides on HeLa (cervical
cancer) cells2.10.1. Effect of ﬂavone C-glycosides on cell viability
Effect of C-glycosyl ﬂavones on cell viability was assessed by
MTT  assay [13]. Aliquots of 1 × 104 exponentially growing HeLa
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cervical cancer, procured from NCCS, Pune)cells were seeded on
6-well microtitre plates. After 4 h of incubation at 37 ◦C in 5% CO2,
he growth medium was replaced by media containing different
oncentrations of vitexin and isovitexin; the plates were incubated
or 48 h again. The reaction was terminated by addition of MTT  solu-
ion (5 mg/mL; 20 l) to each well, and the cells were incubated at
7 ◦C for 3 h. Then 100 l of DMSO was added and measured at
70 nm in a microplate reader (Model 680 Bio-Rad Laboratories,
ercules, CA). Absorbance in the untreated wells were considered
s 100% and relative percent values are expressed for cells in wells
reated with different doses of vitexin and isovitexin.
.10.2. Nuclear fragmentation assay by staining with 4′,
-diaminidino-2-phenylindole (DAPI)
Nuclear fragmentation assay after DAPI staining and apoptotic
valuation was carried out according to the method followed by
ayaram et al. [13]. HeLa cells were plated into 6 well plates
2 × 104 cells/chamber) overnight and treated with vitexin and iso-
itexin (30, 40 and 50 g) and incubated for 48 h. The cells were
ashed with PBS and stained with DAPI for 30 min  at 37 ◦C in dark.
ells were viewed using a ﬂuorescent microscope with ultraviolet
xcitation at 300–500 nm.
.10.3. Western blot analysis
The method used for Western blot analysis for protein levels in
-glycosyl ﬂavone treated HeLa cells was as follows. Total protein
as prepared by homogenization of cells in RIPA buffer (50 mM
ris-HCl, 1% NP-40, 0.5% sodium-deoxycholate, 1% SDS, 300 mM
aCl, 2 mM EDTA and 50 mM NaF) supplemented with protease
nhibitor cocktail (Sigma-Aldrich Co.) on ice. Tissue lysate was cen-
ig 1. HPLC chromatogram of black gram milled by-product fractions showing vitexin (1)
F)  Husk.ports 3 (2016) 652–663 655
trifuged and the supernatant was harvested for protein for BCA
kit. Protein denaturation was done by mixing the lysate with the
loading buffer and boiling at 95 ◦C for 5 min. Equal quantity of pro-
teins were loaded per lane and separated on SDS-polyacrylamide
gel electrophoresis (12%), and transferred to polyvinylidene diﬂu-
oride (PVDF) membrane. The membranes were then separately
incubated overnight at 4 ◦C with antibodies against Bcl2, Bax and
caspase 3 in 2.5% skimmed milk in Tris buffered saline (TBS) for
2 h at room temperature. The membrane was further incubated
with HRP conjugated secondary antibody in 2.5% skimmed milk.
-Actin was  used as the loading control. After washing with TBS,
the immune reactive bands were visualized by using enhanced
chemiluminiscence as substrate.
2.11. Statistical analysis
Three independent experiments were conducted in triplicate
and the data were reported as mean ± SD. DMRT was used to
determine the difference of means, and P < 0.05 was considered to
statistically signiﬁcant.
3. Result and discussion
3.1. Content of vitexin and isovitexin in BGBP fractions
Extraction with suitable solvents is the crucial ﬁrst step in the
analysis of a sample, because it is necessary to extract the desired
chemical components from the sample for further separation and
characterization. Due to the fact, that the plant extracts generally
occur as a combination of different type of bioactive compounds
 and isovitexin (2). (A) Whole gram; (B) Dhal; (C) Germ; (D) Aleurone; (E) Plumule;
656 T.K. Girish et al. / Toxicology Reports 3 (2016) 652–663
Fig. 2. RP-HPLC chromatograms of ﬂavone C-glycosides puriﬁed from husk extract. (A) vitexin (B) isovitexin.
F exin (
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iig. 3. LC–MS chromatogram showing retention time 13.98, vitexin (1) 14.51 isovit
1a)  vitexin ([M−H]−,  m/z  431.36), (2a) isovitexin ([M−H]−, m/z 431.35).
r phytochemicals with different polarities, their separation still
emains a big challenge for the process of identiﬁcation and char-
cterization of bioactive compounds. As mentioned in Section 2.3,
n the present study, we  have used different solvent with vary-
ng polarities. Among all the solvent systems employed, aqueous2) puriﬁed from husk aqueous alcoholic extract at 337 nm. ESI–MS spectra of peaks
ethanol (50%) yielded maximum solids and therefore, aqueous
ethanol fraction of different milled tissues was  subjected for further
analysis.
Vitexin and isovitexin were the two major C-glycosyl ﬂavones
identiﬁed in all the fractions of BGBP (Table 1). The quantitative
T.K. Girish et al. / Toxicology Reports 3 (2016) 652–663 657
Fig. 4. Agarose gel electrophoresis pattern of DNA damage inhibition by vitexin
and isovitexin. After 1 h incubation of reaction mixture. Lanes 1: 0.5 g DNA
alone; Lane 2: 0.5 g DNA + 2 mM FeSO4 + 30 mM H2O2; Lane 3: 0.5 g DNA + 2 mM
FeSO4 + 30 mM H2O2 + isovitexin, 2.5 g; Lane 4: 0.5 g DNA + 2 mM FeSO4 + 30 mM
H
1
a
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F
1
w2O2 + vitexin, 2.5 g; Lane 5: 0.5 g DNA + 2 mM FeSO4 + 30 mM H2O2 + isovitexin
0 g; Lane 6: 0.5 g DNA + 2 mM FeSO4 + 30 mM H2O2 + vitexin 10 g.
nalysis of the C-glycosyl ﬂavones in different fraction of black
ram milled by-products was performed by HPLC-PDA. The con-
ent of C-glycosyl ﬂavones in all the fractions was ranged from
.5 to 536 g/g and 5–1221 g/g for vitexin and isovitexin, respec-
ively. Among all the fractions, husk contained the highest content
f C-glycosyl ﬂavones followed by aleurone and plumule fractions,
nd dhal had the least. In all the fractions, isovitexin content was
ig. 5. EtBr binding to DNA. (A) DNA alone; (B) DNA + FeSO4 + H2O2; (C) DNA
NA  + FeSO4 + H2O2 + isovitexin, 2.5 g; (F) DNA + FeSO4 + H2O2 + isovitexin, 10 g.
ig. 6. Scatchard plot of ethidium bromide binding to DNA. (A) () DNA, () D
0  g + FeSO4 + H2O2. (B) () DNA, () DNA + FeSO4 + H2O2, (♦) DNA + Isovitexin, 2.5 g + F
ere  done at room temperature setting excitation at 535 nm and emission at 600 nm.  ThFig. 7. In vitro protective effects of vitexin and isovitexin against H2O2 induced
hemolysis of rat erythrocytes.the highest followed by vitexin (Fig. 1). As husk had more amount
of vitexin and isovitexin, husk was  used for further isolation and
puriﬁcation of C-glycosyl ﬂavones. Sequential extraction with dif-
 + FeSO4 + H2O2 + vitexin, 2.5 g; (D) DNA + FeSO4 + H2O2 + vitexin, 10 g; (E)
NA + FeSO4 + H2O2, (♦) DNA + Vitexin, 2.5 g + FeSO4 + H2O2, () DNA + Vitexin,
eSO4 + H2O2, () DNA + Isovitexin, 10 g + FeSO4 + H2O2. Fluorescent measurements
e Scatchard plots were drawn using least square method.
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ontrol; (B) RBC+ H2O2; (C) RBC + H2O2 + vitexin, 2.5 g; (D) RBC + H2O2 + isovitexin
erent solvents such as hexane, chloroform, acetone, ethyl acetate,
thanol and aqueous ethanolyielded solid content of 7.82%, 3.63%,
.49%, 0.64%, 14.77% and 44.81% respectively. As more solids were
xtracted with aqueous ethanol, vitexin (1) and isovitexin (2) in
queous ethanol extract were quantiﬁed by analytical HPLC and
hey were found to be 76 and 65 mg/g of extract, respectively
Fig. 2).t of vitexin and isovitexin against H2O2 induced oxidative damage on RBC. (A) RBC
g; (E) RBC + H2O2 + vitexin, 10 g; (F) RBC + H2O2 + isovitexin, 10 g.
3.2. Identiﬁcation and characterization of C glycosyl ﬂavones
3.2.1. LC–MS/MS analysis
HPLC-PDA-ESI–MS Analysis.The compounds puriﬁed by prepar-ative HPLC from aqueous ethanolextract were subjected to
HPLC-PDA-ESI–MS analysis in negative ionization mode. Both the
tested compounds showed similar UV spectra with the absorption
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Fig. 9. Effect of C-glycosyl ﬂavones on HeLa cells. Cell viability (%) upon treatment with
replicates.
Table 1
Vitexin and isovitexin contents in different fractions of black gram milled by-product
(g/  g).
Sample Vitexin g/g Isovitexin g/g
Whole black gram 42.31 ± 2.79c 84.61 ± 4.36c
Dhal 2.55 ± 0.21a 5.06 ± 0.15a
Germ 29.99 ± 2.36b 71.94 ± 4.34b
Aleurone 202.89 ± 5.57e 518.61 ± 10.13e
Plumule 91.46 ± 1.39d 214.51 ± 5.64d
Husk 536.54 ± 7.94f 1221 ± 15.47f
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8alues are mean ± SD (n = 3). Means with different letters within a column for dif-
erent fraction are signiﬁcantly different at p < 0.05.
axima (max) at 337 nm.  The MS  spectra for peaks 1 and 2 showed
 characteristic peak in negative ion mode, [M−H]− at m/z 431.
oreover, they exhibited the same molecular mass. These data sug-
ested that peaks 1 and 2 were C-glycosyl isomers of Apigenin, and
entatively identiﬁed as 8-C-glucosylapigenin (vitexin) and peak 2
s 6-C-glucosylapigenin (isovitexin), respectively (Fig. 3).
.2.2. NMR  analysis
Peak 1 was obtained as a yellow powder. 1H NMR  (500 MHz,
D3OD): ı 8.01 (1H at C-2′), 7.91 (1H at C-6′), 6.94 (1H at C-3′), 6.91
1H at C-5′), 6.76 (1H at C-6), 6.33 (1H at C-3), 5.18 (1H at C-1′ ′), 4.68
1H at C-C-2′ ′), 4.58 (1H at C-5′ ′), 3.74-3.87 (2H at C-6′ ′), 3.61–3.67
1H at C-4′ ′), 3.54-3.60 (1H at C-3′ ′). 13C NMR  (125 MHz, CD3OD):
 182.22 (C-4), 164.51 (C-2), 162.75 (C-7), 160.25 (C-4′), 159.95 (C-
), 156.13 (C-9), 128.84 (C-2′ & 6′), 121.79 (C-1′), 115.93 (C-3′ & 5′),
04.03 (C-8), 103.76 (C-10), 102.37 (C-3), 98.54 (C-6), 80.77 (C-5′ ′),
7.90 (C-3′ ′), 73.19 (C-1′ ′), 70.97 (C-2′ ′), 70.25 (C-4′ ′), 60.97 (C-6′ ′).
eak 1 was, therefore, identiﬁed as vitexin, by NMR analysis, and
omparison with its literature data.Peak 2 was obtained as a yellow powder. 1H NMR  (500 MHz,
D3OD): ı 7.82 (2H at C-2′ & 6′), 6.91 (2H at C-3′ & 5′), 6.57 (1H at C-
), 6.48 (1H at C-3), 4.89 (1H at C-1′ ′), 4.16 (1H at C-2′ ′), 3.87 and 3.73 different concentrations of vitexin and isovitexin. Values are means ± SD of three
(2H at C-6′ ′), 3.44-3.52 (2H at C-4′ ′ and C-3′ ′), 3.38–3.44 (1H at C-5′ ′).
13C NMR  (125 MHz, CD3OD): d 182.34 (C-4), 164.50 (C-7), 163.18
(C-2), 161.06 (C-9), 160.31 (C-4′), 157.02 (C-5), 127.73 (C-2′ & 6′),
121.44 (C-1′), 115.34 (C-3′ & 5′), 107.49 (C-6), 103.52 (C-10), 102.21
(C-3), 93.57 (C-8), 80.89 (C-5′ ′), 78.43 (C-3′ ′), 73.62 (C-1′ ′), 70.94
(C-2′ ′), 70.08 (C-4′ ′), 61.15 (C-6′ ′). Peak 2 was, therefore, identiﬁed
as isovitexin, by NMR  analysis, and comparison with its literature
data.
These compounds were conﬁrmed by NMR. All the spectral data
obtained by using HPLC, MS  spectra and NMR  also conﬁrmed the
puriﬁed compounds as vitexin and isovitexin.
3.3. Antioxidant activity of ﬂavone C-glycosides
The DPPH radical-scavenging activities of the isolated ﬂavonoid
glycosides,vitexin, isovitexin and standard ascorbic acid had IC50
values of 19.2, 21, and 14.2 M,  respectively. Both vitexin and iso-
vitexin had antioxidant properties, but lower then ascorbic acid.
Antioxidant ability of ascorbic acid was  found to be less than the
isoﬂavonoids, vitexin had the high antioxidant potential when
compared to isovitexin. Both the compounds showed a concen-
tration dependent DPPH radical scavenging activity, which may  be
attributed due to their hydrogen donating ability.
3.4. Inhibition of Fe2+ induced -DNA damage by C glycosyl
ﬂavones
3.4.1. Agarose gel electrophoresis
DNA damage process is a common event in the life of a cell and as
a results it may  lead to mutation, cancer, and ultimately cell death
[23]. DNA integrity is always under attack from internal as well
as external/environmental factors. As the vitexin and isovitexin
showed potential antioxidant properties, it was  tested for its capa-
bility to prevent DNA damage caused by hydroxyl radicals that are
produced by FeSO4 and H2O2 using agarose gel electrophoresis. The
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4ig. 10. Microscopic photographs of control HeLa cells by DAPI staining. Apoptotic
re  represented as (a) control HeLa cells without sample treatment, (b, d and f) (30
ydroxyl radicals attack hydrogen atoms of -DNA leading to the
ormation of nicks in DNA which results in single strand and dou-
le strand breaks in -DNA [11]. Incubation of -DNA with FeSO4
nd H2O2 for 1 h resulted in a decrease in -DNA band intensity by
0% (Fig. 4, lane 2). Indicating damage of -DNA. However, in the
resence of C-glycosyl ﬂavones, the -DNA damage by FeSO4/H2O2
ystem was not observed. As can be seen from Fig. 4 (lanes 3 and
), DNA treated with the FeSO4/H2O2 system for 1 h in the pres- cells resulting from the treatment with 30, 40 and 50 g of vitexin and isovitexin
d 50 g of vitexin) and (c, e and g) (30, 40 and 50 g of isovitexin), respectively.
ence of vitexin and isovitexin (2.5 g), the DNA band intensity
was decreased by 50% indicating the prevention of -DNA damage,
whereas, in the presence of vitexin and isovitexin at 10 g concen-
tration, -DNA band intensity was  comparable to control (Fig. 4,
lane 5 and 6) indicating that C-glycosyl ﬂavones offered maximum
protection against radical induced -DNA at 10 g concentration.
Thus, the results suggest that both vitexin and isovitexin prevent
DNA damage against radical induced oxidative damage. The pro-
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Table  2
Protective effect of husk ﬂavonoids on thermal denaturation of DNA.
Sample Tm value
DNA alone 76.16 ± 2.47c
DNA + FeSO4 + H2O2 56.64 ± 3.22a
DNA + FeSO4 + H2O2 + vitexin 2.5 g 62.31 ± 1.91b
DNA + FeSO4 + H2O2 + vitexin 10 g 75.86 ± 1.37c
DNA + FeSO4 + H2O2 + isovitexin 2.5 g 65.52 ± 2.61b
DNA + FeSO4 + H2O2 + isovitexin 10 g 77.96 ± 2.95c
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Fig. 11. Effect of vitexin and isovitexin on apoptosis-associated protein expression
in  HeLa cells. Cells were treated with 40 g of vitexin and 41 g of isovitexin foralues are mean ± SD (n = 3). Means with different letters within a column are sig-
iﬁcantly different at p < 0.05.
ective ability may  be due to free radical scavenging activity of
-glycosyl ﬂavones.
.4.2. EtBr binding and scatchard plots
In the previous experiment we have veriﬁed that FeSO4/H2O2
ystem has caused damage in -DNA. To further characterize the
-DNA damage by FeSO4/H2O2 system and its protection by C-
lycosyl ﬂavones, changes in EtBr ﬂuorescence upon binding to
-DNA were carried out (Fig. 5). EtBr ﬂuorescence in the presence
f intact -DNA was 34.1, whereas it was 15.6 for -DNA treated
ith FeSO4 in the presence of H2O2. The signiﬁcant decrease in the
uorescence intensity in the case of -DNA treated with FeSO4 and
2O2 was due to the damage of DNA by Fenton’s mediated hydroxyl
adicals. However, the ﬂuorescence intensity for DNA treated with
he FeSO4/H2O2 system for 1 h in the presence of vitexin and iso-
itexin (2.5 g) increased the ﬂuorescence from 15.6 to 22.8 and
3.8, respectively, whereas at 10 g level it was  increased to 29.5
nd 31.9. The increased ﬂuorescence intensity may  be due to the
revention of DNA damage by free radical scavenging activity of
-glycosyl ﬂavones.
To substantiate the -DNA damage protection by C-glycosyl
avones, the differences in the binding pattern of EtBr to intact
-DNA and damaged -DNA was measured. EtBr titration studies
ere carried out to determine the amount of EtBr molecules bound
er base pair (bp) of DNA. Four representative Scatchard plots of ‘r
s. r/Cf’ for -DNA were shown in Fig. 6A and B. The number of EtBr
olecules bound/bp of DNA (control) was 6.4 (Fig. 6), whereas it
as 2.28 (Fig. 6) for -DNA treated with FeSO4/H2O2. The number
f EtBr molecules bound per base pair of -DNA decreased because
f oxidative damage to DNA. However, -DNA with FeSO4/H2O2 in
he presence of vitexin and isovitexin (2.5 g), the number of EtBr
olecules bound per base pair was found to be 4.1 (Fig. 6A♦) and
.28 (Fig. 6B♦) respectively. -DNA with FeSO4/H2O2 in the pres-
nce of vitexin and isovitexin (10 g) was comparable to the value
btained with intact -DNA and it was found to be 5.6 (Fig. 6A)
nd 5.9 (Fig. 6B) respectively. Thus, the results conﬁrm that the
-glycosyl ﬂavones prevent the DNA damage by FeSO4/H2O2.
.4.3. DNA stability assessment by melting temperature (Tm)
The melting temperature of DNA provides an insight on the
ntegrity of DNA. The melting temperature (Tm) of -DNA was
6.1 ◦C, whereas FeSO4/H2O2 potentially decreased the Tm of
NA to 56.6 ◦C (Table 2). Low Tm in the case of -DNA treated
ith FeSO4/H2O2 was due to the damage to DNA in the pres-
nce of hydroxyl radicals. However, the Tm value for -DNA with
eSO4/H2O2 in the presence of vitexin and isovitexin (2.5 g) was
3.2 and 65.5 ◦C, respectively. The higher Tm of -DNA in the
resence of vitexin and isovitexin indicates that the compounds
revented oxidative damage. Tm value for DNA with FeSO4/H2O2
n the presence of vitexin and isovitexin (10 g) was found to be
5.8 and 77.9 ◦C, respectively indicating -DNA is much more sta-
ilized at higher concentration of C-glycosyl ﬂavones. Thus, the
tudies revealed that C-glycosyl ﬂavones prevented the oxidative
NA damage caused by free radicals. The oxidative damage pre-24 h and then harvested for western blotting to examine the protein levels of Bcl-2,
Bax  and Caspase-3. Lane 1 Untreated HeLa cells (control); Lane 2 HeLa cells + vitexin
(40 g); Lane 3 HeLa cells + isovitexin (41 g).
vention mechanism of -DNA may  be due to the scavenging of free
radicals.
3.5. Inhibition of rat erythrocyte hemolysis
Erythrocytes are highly susceptible to attack by reactive oxy-
gen species because of the high amount of polyunsaturated fatty
acid content in their membranes and the metal catalyzed oxidation
reactions mediated by Fe present in haemoglobin [20]. Hydro-
gen peroxide generated during the autoxidation of oxyhemoglobin
contributes to heme degradation leading to the damage of ery-
throcytes, which in turn leads to change in whole red blood cell
structural conformation and its functioning [18,19,2,10,11,14].
In the present study, H2O2 hemolysis was induced in erythro-
cytes and studied the effect of vitexin, isovitexin and quercetin
on its protection against hemolysis. As can be seen from Fig. 7,
vitexin and isovitexin inhibited the rat erythrocytes hemolysis
in a dose-dependent manner. Known antioxidant quercetin was
used for comparison. Quercetin showed better inhibition whereas,
vitexin and isovitexin were also comparable. The IC50 values for the
vitexin, isovitexin and quercetin were 6, 5.7 and 2.37 g, respec-
tively. Vitexin and isovitexin alone were tested and found that it
did not show any harmful effect on erythrocytes. The percentage
of hemolysis in presence of vitexin, isovitexin and quercetin alone
was found to be less than 3% that is comparable to control which
was around 2%.
3.6. Protective effect on erythrocyte structural morphology
SEM studies were carried out to know the structural alterations
of the erythrocytes (RBCs) treated in vitro with H2O2 in presence
and absence of vitexin and isovitexin are shown in Fig. 8. RBCs from
healthy individuals showed a typical disc-shape (discocyte) when
not subjected to external stress, whereas, in pathological condi-
tions oxidative stress exerts signiﬁcant changes in the structure
and function of erythrocytes [6]. Native erythrocytes were clearly
showing as typical discocytes while the erythrocytes exposed to
H2O2 resulted in a signiﬁcant change in the morphology and
cell shape with distinct echinocyte formation. The morphological
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he  oxidative stress pathway and caspase 3 dependent signaling in cervical carcino
hanges induced by the oxidative system were prevented when
he cells were treated with vitexin, isovitexin and quercetin. The
amage to the RBCs ultimately leads to the improper functioning,
hanges in cell rigidity and shape and results in the formation of
chinocytes and stomatocytes [17]. The results of the present study
ndicate that C-glycosyl ﬂavone compounds prevent the structural
nd morphological changes induced by fenton’s mediated oxidative
tress in erythrocytes.
.7. Effect of C-glycosyl ﬂavones on cell viability of cervical
arcinoma cells
C-Glycosyl ﬂavones tested on HeLa (cervical cancer) cells
howed a dose-dependent reduction in the viable cell numbers
Fig. 9). Cell viability was determined by the MTT  assay. The
bsorbance of the untreated control was considered as 100%. The
ercentage reduction in MTT  absorbance reveals apoptotic ability cells. The ﬂow chart shows that vitexin and isovitexin induced apoptosis through
lls in vitro.
of the C-glycosyl ﬂavones in HeLa cells. Concentration dependent
effects of vitexin and isovitexin on cell viability are shown in Fig. 9.
The viable cells were signiﬁcantly reduced in vitexin and isovitexin
treated cervical carcinoma cells. At concentrations of 10, 20, 30, 40
and 50 g/mL, vitexin and isovitexin reduced the viable HeLa cells
by 9, 11, 36, 50, 63% and 7, 18, 31, 48 and 62%, respectively (Fig. 9).
3.8. DAPI staining
Effect of C-glycosyl ﬂavones such as vitexin and isovitexin were
studied for their nuclear fragmentation ability by staining with
DAPI using ﬂuorescence microscopy. Cells stained with DAPI were
photographed under a ﬂuorescence microscope (Fig. 10a–g). The
results indicated that untreated cells had homogeneous nuclei,
whereas C- glycosyl ﬂavones treated cells showed condensed nuclei
and apoptotic bodies in a dose dependent manner (Fig. 10b–g).
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properties of wheat extracts, J. Agric. Food Chem. 50 (2002) 1619–1624.T.K. Girish et al. / Toxicol
.9. Effect of C-glycosyl ﬂavones on the levels of
poptosis-associated protein expression in cervical carcinoma
ells
Apoptosis is an ordered cascade of enzymatic events that cul-
inates in cell death and the cleavage of DNA into characteristic
ucleosomal fragments [21]. Bax is a proapoptotic protein and it
as been shown to induce the activation of caspases in vivo and
n vitro [7,22]. We  have examined the apoptosis-associated protein
xpression levels in HeLa cells treated with vitexin (40 g/mL) and
sovitexin (41 g/mL). The data observed indicated that vitexin and
sovitexin triggered the death of HeLa cells through the oxidative
tress mediated signaling pathway. Both the compounds down-
egulated the protein expression of Bcl2 with the simultaneous
pregulation of Bax and caspase 3 (Fig. 11) in cervical carcinoma
ells.
. Conclusions
Black gram milled by-products were found to be rich in bioac-
ive constituents. This study reports that black gramhusk C-glycosyl
avones, such as vitexin and isovitexin were effective against rad-
cal induced oxidative stress. Both vitexin and isovitexin exhibited
ntioxidant activities and anticancer activity against HeLa cells. The
timulation of apoptotic cell death by vitexin and isovitexin of can-
er cells was due to the activation of Bax and caspase-3 and the
roposed mechanism is shown in Fig. 12. As husk is rich in antiox-
dant compounds such as vitexin and isovitexin, it can be a good
ource of nutraceuticals.
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